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(g) Swing post hydraulic circuit. 

(57) An hydraulic system for actuating a swing-post 
mounted backhoe boom (19) comprises two double-acting 
hydraulic cylinders (17, 18) operated by a control valve 
(35). As the backhoe boom (19) swings into a swing stop, 
hydraulic fluid is trapped in the head end (28) of the swing 
side cylinder. This trapped fluid is discharged through a 
cylinder relief valve 147), thus absorbing the boom kinetic 
energy and providing a smooth deceleration of the boom. 
Fluid discharged from the relief valve (471 is routed to the 
rod end of the swing cylinder and the head end of the 
opposite cylinder. Because of the swing linkage geometry, 
the cylinder rod (30) of the other cylinder had passed over 
the pivot axis (16) about which the backhoe boom (191 was 
swinging and thus the piston (29) of the other cylinder was 
caused to move in the same direction as the swing side 
piston (29). The movement of this piston can be utilized to 
provide additional deceleration torque as long as no void- 



ing is permitted to occur in the head end of this otne; 
cylinder. Voiding onh/ occurs when the backhoe swing con- 
trol lever (38) is released prior to the backhoe boom reacn 
ing the swing stop. Voiding does not occur when the con 
trol lever (38) is maintained in a full power-on or is stroked 
in the power-on mode until the swing stop is contacted 
Fluid from the swing side cylinder relief valve is route-1 :^ 
provide the necessary fluid to prevent such voiding Thr 
routing of the fluid from the swing cylinder to the oth?v 
cylinder assures that the boom deceleration is indepentien: 
of whether the control lever is stroked or released. 
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DESCRIPTION 

This invention relates to hydraulic circuits for swing posts. 

In a conventional earth moving machine havinf en earth 
digging implement mounted on one end, usually the rear end, the 
implement, herein referred to as the "backhoe, is mounted on a 
swing post or mast that is supported on the vehicle, frame for 
swinging movement about a vertical axis. The baohhoe is swingable 
from one side to the other of the vehicle about the vertical axis 
to facilitate the trenching, ditching or other dicginf operations. 
The swinging movement is actuated by a pair of pivotally supported 
hydraulic actuators extending between the vehicle frame structure 
and the mast or swing post. 

One of the earliest patents disclosing a commercially 
acceptable system for actuating a swing post or mast mounted 
bucket is United States Patent Specification No. 3,047/71. One 
feature covered by this patent is that of providing a hydraulic 
-buffer* or cushioning arrangement that functions to decelerate 
the rotation or swing of the wing post or mast of the backhoe 
just prior to the end of its swing. T his is accomplished by a 
dual hydraulic cylinder arrengement in which movement of one of 
the cylinders over centre causes reverse movement of its piston 
creating a back pressure to check swinging of 'the swing post or 
mast. In order to absorb the pressure surge caused by such 
cushioning, the hydraulic system is provided with a relief valve, 
the excess pressure fluid being discharged ultimately into the 
fluid supply reservoir or tank. The hydraulic system also incl- 
udes directional control valve means for routing fluid under 
pressure to one or the other of the cylinders, depending on the 
direction it is desired to 3»ing the backhoe boom. 

It apparently was the opinion of persons subsequently 
active in the development of backhoe control devices that more 
positive braking or cushioning devices than pressure relief valves 
were required to control the momentum forces of the he,vy backhoe 
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1 mast and swing units as the end of the swin* movem nt ras 

approached „ R ference may be mad to U a S. Patent Specifications 
Koso 3,630,120 and 3,61 5, 7660 These patents disclose sequence 
valve means for sensing the position of the hydraulic motors or 
5 actuators and for directing the flow of fluid to aid in obtaining 
a relatively constant torque output and angular velocity, bleeder 
valve means for reducing hydraulic input energy -when the pivotal 
member (mast or swing post) is near the end of its rotation and 
for maintaining a maximum velocity potential throughout the swing 

10' movement, and relief valve means for additionally controlling 
torque output. The function of such valve systems is to provide 
a positive bracing or cushioning action not found in the earlier 
systems, but the result is a valve system believed to be of 
unnecessary complexity for the benefits derived, 

15 According to the present invention, there is provided an 

hydraulic system for actuating a swing-post mounted backhoe 
comprising two double acting hydraulic cylinders arranged on 
opposite sides of the swing post for swinging the back hoe in 
opposite directions, an hydraulic circuit for selectively direct- 

20 ing hydraulic fluid to the said cylinders to cause one cylinder 
to extend whilst the other retracts, and flow control means 
associated with the cylinders for reducing the rate of discharge 
of hydraulic fluid from one cylinder as the backhoe approaches the 
end of its movement characterised in that the flo% control means 

25 directs fluid discharged from the said one cylinder to the other 
cylinder to oppose the movement thereof and to prevent voiding 
therein e 

In a preferred embodiment of the pix sent invention the 
swing post being mounted on a vehicle for swinging movement about 

30 a vertical axis and is operated by an hydraulic system which 
includes a pair of double-acting hydraulic actuators, each of 
which has a cylinder that is pivotally mounted on a support frame 
of the vehicle, double acting piston means within the cylinder, 
and a piston rod extending from the piston means through the rod 

35 end of the cylinder to the swing post. The piston rods are 
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pivotaily coupled to the swing post on opposite sides of the 
v rtical pivot axis about which the swing post is swingable. 

The preferred tydraulic system embodies a hydraulic 
circuit including a source of pressurized fluid connected to each 
actuator by a first conduit means communicating with t.;e rod end 
of one actuator and the head end of the other actuator; and a 
second conduit means communicating with the head end of one 
actuator and the rod end of the other actuator. Fluid flow into 
the system is controlled by a control valve means having an 
optratinc nemler movable from a neutral position to an actuator 
operating position in which fluid is directed through a predeter- 
mined one of a conduit means to the rod end of one of the actuator 
cylinders and to the head end of the other actuator cylinder to 
cause the swing post to swing in a predetermined direction. The 
pressure of the fluid acting on the actuator cylinders causes the 
piston end of one actuator cylinder to move from the rod end to- 
ward the head end. Simultaneously, the piston of the other 
cylinder is caused to move from the head end toward the rod end 
until the other cylinder piston rod crosses over the swing post 
pivot axis to the same side of the latter as ihe piston rod of the 
one actuator cylinder. Is a result of this over-centre movement, 
the direction of movement of the piston of the other cylinder 
reverses and both pistons move from the rod ends toward the head 
ends of their respective cylinders. The system also includes a 
cutoff means operative to prevent discharge of fluid from the head 
end of the one actuator cylinder as the swing post approaches a 
predetermined position relative to the end of its side swing 
movement. 

Relief means is provided for by-passing tne cutoff means 
to permit controlled discharge of fluid trapped in the one 
actuator c^lind^r head end to cushion tne deceleration of the 
swing post. The fluid from the relief means is routed through 
the one conduit means to the heaa end of tr,e other cylinrler, where- 
by the other cylinder proviuts additional Deceleration torque aB 
long as no voiding occurs therein in the event the control valve 



1 means operating member is J* turned" to a neutral position befor 
the swing post reaches the end of its side movement. The fluid 
supplied from the heed end of the one actuator cylinder provides 
the necessary volume of fluid to the other cylinder to prevent 

5 such voiding from occuring. 

A prof erred embodiment of the invention will now be 
described by way of example only, with reference to the drawings 
in which: 

Figure 1 is a perspective view of a portion of an earth 
10 moving machine having a mast or swing post mounted backhoe on one 
end of the vehicle, the mast or swing post being shown in a 
centred position; 

Figure 2 is a side elevation of a hydraulic actuator 
showing its relationship to the mast or swing post; 
^ Figure 3 is a view taken substantially in the direction 

of the arrows 3-3 in Figure 2; 

Figures 4, 5 and 6 are diagramatic views of the hydraulic 
circuit showing the swing post in a sequence of positions 
beginning in the neutral or centred position and thenoiding up in 
20 a decelerating mode with full power on as the swing post swing 
stop is approached; 

Figures 7 and 8 are diagramatic views of the hydraulio 
circuit in an operating mode in which the swing post has been 
swung over centre end the power to the actuators has been released 
25 by return of the control lever of the control valve to a neutral 
position, the momentum of the boom continuing the movement of the 
swing post toward the swing stop; and 

Figure 9 is a diagramatic view of a second embodiment of 
the present invention in which the cylinder relief valves are 
30 integrated with the hydraulic actuator pistons, rather than being 
integrated with the head end of the cylinders, as shown in 
Figures 4-8, inclusive. 

Referring now to the drawings, and more particularly to 
Figures 1, 2 and 3, there is partially shown one end of an earth 
35 moving machine, generally designated 10, adapted to have an earth 
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'1 circuitry £° r controlling and motivating the hydraulic actuators 
17-18 includes a sourc of fluid under pressure comprising an 
engine driven pump 32 adapted to draw hydraulic fluid from a tank 
or reservoir 33 and to discharge the fluid of predetermined 
5 pressure and discharge rate into a conduit 3*f in communi nation 
with a control valve 35 operable to direct the pressurized fluid 
into a first conduit }6 or a second conduit 37 • The control valve 
35 is operated by a control valve lever 38, and depending on the 
operator 1 s manipulation of this ]ever, the swing post or mast 15 
10 and the boom mounted thereon may be swung in either a cloc-nvise or 
a counter-clocrcwise direction, as viewed in Figure 4« For the 
purpose of this description, it will be assumed the operator 
desires to swing the swing post or mast 1 5 in a cloc-rwise direction, 
Accordingly, the control valve will be operated to direct pressur- 
15 ized fluid into conduit 36 and the conduit 37 then becomes the 
return line for the fluid in the system. 

The conduit means % has a first branch 39 in communica- 
tion with the rod end 27 of the hydraulic actuator .17 and a 
second branch 4-1 in communication with the head end 28 of the 
20 hydraulic actuator 18. The second conduit 37 has a first branch 

42 in communication with the head end 28 of the hydraulic actuator 
17 and a second branch 43 in communication with the rod end 27 of 
the actuator 18. This is conventional practice in the use of dual 
hydraulic actuators in backhoes and hydraulic steering systems for 
25 articulated vehicles or for the landing gear of aircraft. With 
this arrangement, the swing side actuator, the one on the side of 
the swing post pivot axis toward which the swing post is moving, is 
assisted by other actuator, as will be more fully explained. 
Since, for t.:e ourpeses of explanation, it is being assumed the 
30 swing post 15 is swinging in a cloc!r»vise direction toward the 

hydraulic actuator 17, the latter will hereinafter on occasion be 
referred to as the swing side actuator and zhe actuator 18 as the 
other side actuator. 

A plurality of relief valves and ch- ck valves are shown, 
35 For example, a system relief valve 44 is shown between the pump 
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1 32 and the control valve 35 which has the function of relieving 
pressure on the discharge side of the pump *hen there is no flow 
through the control valve. Each conduit 36 and 37 is provided 
with a circuit relief valve 45 and 46, respectively, to relieve 
5 pressure in these conduits should it be necessary. 

In addition to the relief valves 44, 45 and 46, the 
hydraulic system emboding the present invention utilizes two 
additional relief valves 47 and 48. These valves are physically 
integrated in the head ends 23 of the cylinders 24 of the hydraul- 
10 ic actuators 17 ana 18, respectively. The valves 47 and 46 are 

aaaptec through suitable conduits to communicate the head ends of 
the cylinders 24 of the actuators 17 and 18 directly with the 
conduits 36 and 37, respectively, for functional purposes to be 
explained. 

15 As has been stated, the swing post or mast 15 carrying . 

the boom 19 is shown in a neutral or centred position and the 
assumption is that the backhoe operator is to swing the same in a 
clockwise direction. This is accomplished by moving the control 
lever 33 of the control valve 35 in a direction to permit fluid 

20 flow from the pump 32 to the conduit 36. Fluid under pressure 

will flow through the conduit 36 through its "branch 39 to the rod 
end 27 of the swing cylinder 24, in the present instance the cyl- 
inder of the hydraulic actuator 17. ?luid will flow simultaneous- 
ly through conduit 36, branch 41, to the head end 28 of the other 

25 cylinder 24, the cylinder of the hydraulic actuator 1 8. The 

result of the fluid pressure being exerted on the rod end side of 
the piston 29 of the hydraulic actuator 17 causes this piston to 
move toward the head end of its cylinder. This retracts the swing 
side piston rod 30 into the swing side cylinder and pulls the 

30 swing post 15 in the desirta clockwise direction. This movement 
is being assisted by the hydraulic actuator 1S which is receiving 
fluid into the head end of its cylinder, t: oreby causing movement 
of its piston towards the head end and extension of its piston rod 
outwardly to exert a pushing force in a clockwise direction on the 

35 swing post 15. Because of th geometry of the system, fee swing 
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sid piaton and the piston rod coupled to it begin to move rapidly 
toward the head end of the swing cylinder, whil the piston and 
piston rod of the other cylinder are moving very slowly aince the 
piston has only a short distance to go before reaching the rod end 
of the other cylinder*, 

During the movement of the awing cylinder piston toward 
the head end 28 of the cylinder of the hydraulic actuator 1 7 , 
fluid is being discharged from the head end through the branch 
42 of the conduit 37. Fluid simultaneously is being discharged 
from** head end of the cylinder of * e hydraulic actuator 18 into 
the branch conduit 43. The fluid from the branches 42 and 4 3 are 
then discharged through the conduit 37 and the control valve 35 
back to the tank or reservoir 33. 

Figure 5 diagramatically illustrates a further phase of 
1 5 the power-on swinging movement of the swing post. By power-on 
is meant that the control lever 38 is in a position so that the 
fluid under pressure from the pump 32 is being directed into the 
conduit 36 through the control valve 35. In the further phase, 
the piston 29 of the hydraulic actuator 17 is rapidly moving to- 
20 ward the head end of its cylinder. The piston 29 of the hydraulic 
actuator 18 which had been moving toward the rod end of its cyl- 
inder reverses its direction of movement as its piaton rod 30 
crosses over the pivot aiis 16 of the awing post. That is, the 
piston 29 begins to cove toward the head end 28 of the cylinder 
25 24 of the hydraulic actuator 18. 

As the piston 29 of the hydraulic actuator 1 7 approaches 
the end of its movement towards the head end of its cylinder, a 
cut-off means comes into play. This cut-off means is diagramatic- 
ally shown as a projection 49 beneath the piston which represents 
30 a plunger that plugs the exhaust line leading from the head end of 
the cylinder. This is conventional practice for this type of 
hydraulic cylinder mechanism and in the present instance would 
result in the inlet to the conduit 42 being blocked so that fluid 
cannot flow through the conduit 42 into the return line 37, 
35 With reference to Figure 6, this then becomes the 
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1 concluding or deceleration phase of the "power-on movement of the 
awing post. The blockage of ihe diacharge from the head end of 
the hydraulic actuator 17 occurs approximately twenty degrees 
before the swing post reaches a point at which it is mechanically 
5 stopped by abutting a swing stop. As a result of the momentum of 
the swing post because of its weight and the weight of the boom, 
swing post movement continues during the last twenty degrees caus- 
ing a pressure build-up to occur in the head end of the hydraulic 
actuator 17. At a predetermined point or pressure build-up, the 
10 cylincer relief valve 47 opens to relieve this pressure and to 

perr.it a controlled deceleration of the swing post. This control- 
led deceleration preferably should be assisted by the r, si stance 
to movement of the piston of the hydraulic actuator 18 toward the 
head end of ttie cylinder of the latter. 

•Alien the relief valve 47 opens, there is a reversal of 
flow of fluid in the conduit 36 and its branch conduit M . Some 
of the fluid from the head end of the cylinder 24 of the hydraulic 
actuator 18 and from the head end of the cylinder 24 of the 
hydraulic actuator 17 vdll attempt to flow through the conduit 39 
into the rod end of the cylinder 24 of the hydraulic actuator 17, 
but the volume demand of this cylinder will be drastically cut 
aince the movement of the piston rapidly slows down as the end of 
the swing of &e swing post is approached. Accordingly, excess 
fluid from the head ends of the respective cylinders and fluid 
coming from the control valve will he discharged through the 
circuit relief valve 45 "here it will be returned to the tank or 
reservoir 33. Since the piston 29 t>f the cylinder 24 of the 
hydraulic atuator 18 is moving away from its rod end, it will 
create a suction on the system, particularly on the branch conduit 
43 of the conduit 37. This auction may result in fluid being 
drawn from the tank or reservoir 33 through the control valve 35. 

Preferably, the backhoe operator should stroke or fully 
return the control lever 38 toward its neutral position during the 
period in which the fluid from the head end of the swing cylinder 
35 is blocked from discharging into the return line 37, thus providing 
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1 a controlled deceleration as the suing post approaches the end of 
its stroke. But, even if the operator maintains full power-on to 
the end of the stroke, the present system permits adequate fluid 
deceleration because of the co-action bet-aeon the two hydraulic 
5, actuator cylinders 17 and 18. 

The present system differs from earlier known systems in 
that the cylinder ielief valve 47 does not discharge directly to 
a sump. Instead, it discharges into the line that had been 
supplying fluid to the rod end of the cylinder 24 of the hydraulic 
10 . actuator 17* Because of this trrangement, the co-action between 
the two ro'draulic actuators to decelerate the swing jest as it 
moves toward its swing stop cannot be disrupted by premature 
return of the control lever 33 tc its neutral position, even 
though the movement of the swing post and. the boom have not been 
15 . stopped and the movement of the piston continues as a result of 
- : . the momentum of the swing post and boom. Reference is made to 

Figures 7 and 8 for a more* detailed explanation of this feature of 
the present invention. 

Figure 7 is substantially a physical duplicate of Figure 
20 5 in that it shows the swing post 15 in a position in which the 
piston rod 30 of the hydraulic actuator 18 has just crossed over 
the pivot axis 15 of the swing post. Since it is no7/ assumed, 
however, that the backhoe operator has released the control lever " 
... 35 which has returned to a neutral position cutting off the flow 
25 of fluid under pressure from the pump 32 through the control valve 
35, and, further, that the momentum of the boom 19 and swing post 
15 causes the latter to continue to swing in a clockwise direction 
toward the swing stop, the fluid flow conditions within the system 
on che discharge side of the control valve 35 arc. substantially 
3C different in Figure 7 from that related wite rxsject to Figure 5* 
The momentum of the . c wing post 15 and boom 19 drives the 
piston 29 and piston roa 30 of the hydraulic actuator 17 from the 
~ rod , end towards the hcau end of the cylinder 24 of xnc hj-araulic 
actuator 17. As the piston 29 moves toward fee r.e.^ci e;id, it 
5^ crcv.V & a suction on the branch 39 of conoid 3o. Although the 
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1 piston 29 of the hydraulic actuator U- no* is covin;; frvL: the rod 
end toward the head end of the cylinder 24 of tee hydraulic act- 
uator 13, its rate of movoment is substantially slov;c>r than that 
of the piston 29 of the hydraulic actuator 17. -The result of the 
5 disparity of movement of the pistons in the hyaraulic o tuators 
17 and 18 is such thtt the piston in the hydraulic actuator 17 
functions as a pump pulling fluid from the head end of the 
hydraulic actuator 13 through the branch conduit 41 and also from 
the ta::I< or reservoir' 33 throu 5 h the chec-: valve 5? ir. communica- 
10 tion with the conduit 36. 

Vrhile the foregoing is occurring, fluid is being dis- 
charged from the head end of the hydraulic actuator 17 cylinder 
through the branch line 42 of tiie conduit 37. Soie of this fluid 
is being supplied to the conduit 43 leading to the rod end of the 
15 hydraulic actuator 18 cylinder. The quantity of fluid required to 
fill the void in the rod end of the hydraulic actuator 13 cylinder 
above the slowly moving piston 29 of the latter, is much less than 
that being discharged from the hydraulic actuator 17 cylinder. 
Therefore, the remainder of the discharge fluid flows through the 
20 conduit 37 through the circuit relief valve 46 back to the tcric or 
reservoir 33. It should be apparent, however, that a condition 
now is occurring in the hc-ad end of the hydraulic actuator 18 
cylinder which would cause a void in the latter. This void, if 
permitted to exist, could have a negative effect oi the ability of 
25 the system to provide the desired deceleration torque as the swing 
post and boom approach the end of their travel. 

In the present system, fluid from the swing side cylinder, 
the cylinder of the hydraulic actuator 17, provides the necessary 
fluid to prevent voiding in the head end of the other cylinder, 
30 i.e., the cylinder of the hydraulic actuator 18. Reference is 
made to Figure 3 for the manner in which this is accoEplisbed. 

Figure 8 corresponds physically to Figurv 6 in that the 
swing side cylinder piston 29 is indicated as having reached the 
point ir. its travel from the rod end to the head end of the 
35 cylinder 22. of the hydraulic actuator 1 7 in which discharge from 
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1 * the* head ena is cut off by the cut-off meanc diagraisatically 
illustrated at k9* The rosult is th«t the pressure in the head 
end <}f the hydraulic actuator 17 cylinder builds up to a point at 
which the relief valve 47 is forced to open and tn discharge high 
5 pressure fluid into the conduit 36. Some of this high pressure 
fluid will flow through the branch conduit UA to the head end of 
the hydraulic actuator 18 cylinder, thus preventing the undesimbte 
occurrence of a void in the cyl inner. Some of the fluid in the 
conduit 36 will flow to the branch conduit 39 into the rod end of 

10 the hydraulic actuator 17 cylinder. All e::t?ss fiuir. in the 

conduit 36 has an outlet throu^a the circuit relief valve ^5 from 
which it can return to the tank or reservoir 33* 

The downward movement of the piston 29 of the hydraulic 
actuator 18 will place the branch 43 of tht conduit 37 under 

15 suction and since no fluid is available from branch U2 leading to 
the discharge side of the hydraulic actuator 17 cylinder, make-up 
* fluid will be obtained througjv the check valve 51 in communication 
with the conduit 37 and the tank or reservoir 33- 

The reason that voiding did not occur in the hydraulic 

20 actuator 18 cylinder under the Figure 5 conditions. of operation, 
i.e., the conditions, w hen. the swing post . and boom, arc moved toward 
the swing stop under power, as occurs when the control leve- 38 
is held in an on position or is stroked. toward the on position, is 
. that the pressure in the conduit 36 is sufficient to reverse the 

25 flow in the conduit branch ki in the event that there i3 any 

tendency for voiding to occur in the hydraulic actuator 18 cylinder. 
Por this reason, the flow arrows in Figure 5 are shown as indicat- 
ing fluid flowing in either direction, Under figure 8 conditions, 
however, if the relief valve Kl discharged into a conduit lading 

50 back to the tank or reservoir 33 $ as in earlier conventional 

systems, trie only direction tr.at fluid coulo flow fror the hycraul- 
ic actuator 13 cylinder woulo be in a d": rch-rge direction froc: zhe 
head end of the cylinder. This v.ould create t;je und^eired vciiir^ 
problem juk wouj.~ reduce tic eff • ctiveness of the hydraulic 

33 actuator 1S to assist in ^rovicing the desirt-d deceleration torque. 
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It should be una- ratood, tnat if the swing post movement 
was original!; started in a countcr-clockv.lse direction, th rolea 
Played by the hydraulic actuators 17 and Vo would be reversed. 
The hydraulic actuator 13 would become the active actuator and the 
hydraulic actuator 17 would become what might be considered the 
passive actuator. The resultant flow of fluid through the system 
would be a mirror image of that which has been described on the 
basis of clockwise movrs&nt of the swing post and boon. 

Figure 9 of the uraw'ings illustrates the modification in 
which vie relief valves corresponding to th-- relief valves wl and 
48 of the previously described embodiment are Integra d with the 
pistons 29, rather than being located in or coupled to the head 
end of the cr. linder 24 of e.ch hydraulic actuator. This construc- 
tion anu arrangement also is effective to prevent voiding in the 
hydraulic actuator opposite the sving side hydraulic actuator. For 
example, if the swing side hydraulic actuator is the hydraulic 
actuator 17 as in the previously described embodiment, the voiding 
that might occur in the hydraulic actuator 18 as a rasult of the 
control lever 38 being released prior to the bacV^oe boom reaching 
the swing stop is automatically compensated. To illustrate, if 
the piston in the hydraulic, actuator 17 cylinder approaches the 
head" end of the cylinder so as to permit the cut-off device 49 
to become operative to cut off discharge of fluid from the 
head end into the branch conduit 42, the pressure in the head end 
will build up to a point that the islief valve 47 will open, 
permitting flow throufih the piston into the rod end of the hydraul- 
ic actuator 17 cylinder. The fluid then will flow from the rod 
end of the cylinder into the branch conduit 39, into the conduit 
. 36 and ultimately the branch conduit 41 , thereby supplying fluid 
to the head end of the hyeraalic actuator 13 cylinder and prevent- 
ing any voiding from occurring in the latter that would otherwise 
result if no fluid wan being s^pplieo to the rod end of the 
hydraulic actuator 17 c„. linuer. 

It is to be understood this invention is act limited to 
th- exact constructions illustrated and described above, but that 
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1 various chenf^r. . cocif ications luay It t.lu-.ojc ue carting 

from the spirit of the invention. 
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CLAIMS 

1 # An hyaraulic system for act'ifttin,-! a iw-Ir-r-post 

comprising two double acting hydraulic cylinders 
arrange on opposite- sides of the, swin^ tost for sr luring the 
bac:hoe in opposite directions, an hyaraulic circuit ror sele.ct- 
iv :;• directing hydraulic fluid to the saici cylinders to cause 
one cylinder to octer-<: whilst the other retracts y and flow 
control to ana associated v.ilh the cylinders for reducing the rate 
of uisch-»rgv ci' hydraulic fluid frot oylir/^r ^ ih<. bac!thoe 
approaches the end of its aovc«x.c.nt ch«-mcttriaec in th*i the flow 
control means directs fluic Discharged from the saia one cylinder 
to the other cylinder tc oppose the movement thereof and to 
prevent voicing therein, 

2. An hyaraulic system for actuating a z* ing joat 

mounted baskhoe, 

the swing post being mounted on a vehicle for swinging 
movement about a vortical axis, 

the hydraulic system including a pair of double acting ■ 
hydraulic ^ctu^tors each of which has a cylinder that is pivot&lly 
countoc on a support fra 3 ,e of the vehicle, double acting piston 
means v.ithin the cylinder, and a piston roc extending from the 
piston means throu; . the rod end of the cylinder to the swing 
post, 

the piston rods being pivotally coupled to the swing 
post on opposite sides of the vertical pivot axis about which the 
swing post is swingable, 

an hyaraulic circuit including a source of pressurized 
fluid connected to each actuator by a first conduit neans oosaun- 
letting with the rod end of one actuator airi the hea~ ens of the 
other actaator, and a secona conduit means cosnm onica tin- with the 
hcuu end of the one actuator ana the rod enc c- the other actuator, 

control valve means having an opera ting member movable 
from a neutral position to an actuator opening :ositien in v.hich 
fluii: is directed through a r receteriaineu on* of zhe concur!- r.eans 
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to tne rou'end of one of ' the &ct';a v »Gr cy 1 ir. ; r rr. -:r.d i.: head 
end of the other actuator cylinder to cause thfc swing ^.ost to 
3wing in a predetermined direction, 

the pressure of the fluid acting on the actuator 
cylinder to move f roic the rod end tov»aru the head enj t *d the 
piston of the other cylincer to cove from the head end toward the 
rod end until the other cylinder r,istcn roc crosses over the swing 
post pivot axis to the s^. « side of the latter as the piston rod 
of the one actuator cylinaer »«I.?r r\;.on tne cir. ction of movement 
of the piston of the ether cylinder rcvi-rt< ? c-^u jcth ListoiiS r.ove 
from tlio rod ends to«hrd the heaa ends of their ivspt-ctive cylin- 
ders, 

and cut-off means operative to prt.v-.nt cischsr *e of fluid 
from the- hei.d end of the one actuator cylinder es the swing post 
approaches a predetermined position relative to *the end of its 
side sv;ing movement, 

wherein the improvement comprises: 

relief means bypassing the cut-off means to permit con- 
trolled discharge of fluid trapped in the one actuator cylinder 
head end to cushion the deceleration of the swine post, 

the fluid from the relief means being routed through the 
one conduit means to the head end of the other cylinder whereby 
the other cylinder provide s additional deceleration, torque as long 
as no voiding occurs therein in the event the control valve means 
operating member is returned to a neutral position before the swing 
post reaches the end of its side movement, 

the fluid from the head end of the one actuator cylinder 
providing the necessary volume of fluid to the other cylinder to 
prevent voiding. 

3. An hydraulic system for actuating a s ;.ost 
sucportin.? a backhoe boom on a vehlc2r for s*infi:*f tfeve-cr/t about 
a vertical pivot axis, comprising: 

a due- r.ycruulic actuator «eai;s for s*=vi:-~in£: .swing 
post anu thereby the ooom mounted ;:.;.ivon tc- or.o ^ide or the otner 
of the vehicle toward respective sv\in»; sto^s, 



2C 



25 



. ,8- 0009974 

each a,tuatur cntxu. nuving * *J1r^r : ceased 
c -. , iT ,«* C er.ber of the vehicle a ^ic'.or. v.ithin the cylinder, 
^ pision rod means wrtwfiin- fro* the- cylinder anc pivotally 
ccuoled to the swing cost, 

the piston roc -*ftns extendir.? longitudinally of the 
vehicle end ljlac on opposite sides of ttc pivot axis of the 
. si . s ~t v.hen the boom is positioned oentraUy of t:« vehicle, 

conuuit n«ans c c=.»nicating th* roc end of each cylinder 

kit;. tf.« he'-*, tfti "•*•' other «7* ia ' er » 

a scarce cf f-ui-: anuer pvs:*.:,^ , 
ar.2 coi/.reS valve means having en open tin, sac r 
ccvablo from a r.ealr«.l potior, for diivctin S the fl-lu linx-agi 
A- ccniuit r.b.r.8 simltaneously to the rod tnd ef the ~i=2 e! 
»--iinde- i.e., the cyiin-er on the side of the s,inp rest pivot 
Iris to..'rd nhich the boom is to be sv.ung, end to the h.ed end of 

the other cylinder, 

the fluid pressure causing the swing si,e cylinder 
pli N* to move fro* the roo enu toward the heed end of th, swing 
sice cylinder, and the ■ o, v osixe cylinder piston to «r* frc tne 
hte a= .«* toward the roc end of the opposite cylinder until t,e 
o:...osi:« cylinder pis-on rod crosses over the wing ,o« pivot 
ails ;vh:-reby the direction of movement of tho opposite cylinder 
oiston is reversed and both pistons move in the sair.e dir-cticn 
from the rod ends toward the head ends of the respective cylinders, 

and cut-off means operative to prevent discharge of fluic 
from the head end of the swing side cylinder as the swing ? ost 
approaches a predetermined position relative to the swing side 

swing s top , 

wherein the improvement comprises: 

relief means bypassing the cut-off means to permit 

control .ed discharge of fluid trapped in th* ndl* si.e cylinder 

head enc to cushion the acceleration of tee s~in . c-.t ,ftvr the 

l«xt-r s*M -.rough the r redetermine;-. ?o±:ict. 

j..^ 1-jrthiT condait means routing the fluid from t:.e 

relief means to the rod end of the swing su e cy.in.cr 
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1 head end of the othfr cylinder whereby Lnc cthur cyii.i^er provides 
additional deceleration torque as long »z uz voiding occurs there- 
in upon the control valve means being returned to neutral before 
the swing post abuts its sv«ingstop, 
5 the fluid from the head end of the swing sid - cylinder 

providing the necessary volume of fluio to the other cylinder to 
prevent voiding. 

If. An hyorc-iic system for actuating a sv;ing post 
mounted backhoe acc:n-ing to Clain 2 or Clain 5 in v.hicr:: 

10 the rLiati^r.snip cf the pivotal conn^c Uu-. ci „he 

hydraulic actuators to the vehicle framfc anj the s^ing r ost being 
such th'.t tht» -iston of the one actuator cylinder moves toward the 
head ena of its cylinder substantially faster than the piston cf 
the oth'-r actuator cylinder moves to the head end of its cylinder 

15 whereby return of the operating member to its neutral position 
prior to the completion of the sv;ing post swinging movement cuts 
off pressurized fluid to the conduit means ari results in the 
continued movement of the one actuator cylinder pistes w07.*srd the 
head end of its cylinder by the momentum of the sv;ingir.r backhoe, 

20 the movement of the one actuator cylinder piston c ratting 

a negative pressure in the conduit nerms £nd f. rivers* f lov» of 
fluid from the other actuator cylinder and a Toid t:i the cylinder 
between its piston and head end, 

5 # A hydraulic system for actuating a swing pest 
25 mounted backhoe according to any one of Claims 2 to if in which 
the relief means for each hydraulic actuator communicates the 
'head end of the one actuator cylinder *ith the first conduit 
means, and the hwfcS end of the other act jfc -cor cylinder %ith the 
second conduit means, 

3C J. A hydraulic system for actus". - e ss : ~z poet 

mounteu backhoe according ».c any one 01 CT - I to 5 i-- v.hich: 

the r -liei' jx-unc I'or o-:h hydraulic actuator cor^unicater 
ths rod ona ar.d ht?ao enu oP each actuator cylinder through the 
piston means. 
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